
RE-ORDER N O . & &  

SATURATED HYDROCARBON POLYMERIC BINDER FOR 

ADVANCED SOLID PROPELLANT AND HYBRID SOLID GRAIN 

QUARTERLY REPORT NO. 4 

PERIOD COVERED: A u g u s t  1, 1966 
October 31, 1966 

T h i s  work was performed unde r  C o n t r a c t  #951210 w i t h  t h e  Jet 
P r o p u l s i o n  L a b o r a t o r y ,  C a l i f o r n i a  I n s t i t u t e  of Technology,  
Pasadena, C a l i f o r n i a ,  sponsored by the N a t i o n a l  A e r o n a u t i c s  
and  Space A d m i n i s t r a t i o n  under  C o n t r a c t  NAS 7-100. 

} J P L  T e c h n i c a l l y  Managed By:  F. J. H e n d e l  
H. E. Marsh, Jr. 

R e p o r t  E d i t e d  By :  J. E. Po t t s  

C o n t r i b u t o r s :  A. C. Ashcraf t ,  Jr. 
J. E. Po t t s  
E. M. S u l l i v a n  
E. W. Wise 

} ucc 

UNION CARBIDE CORPORATION 
PLASTICS D I V I S I O N  

Polymer R e s e a r c h  and D e v e l o p m e n t  D e p a r t m e n t  
Bound Brook, N e w  Jersey 

i 



I. O B J E C T I V E  

C ONTE NTS 

Page - 
1 

11. SUMMARY 1 

111. SCOPE OF P R O J E C T  2 

I V  I KTTZODUCT I OX 

V. TECHNICAL D I S C U S S I O N  

2 

A. Factors In f luenc ing  t h e  F u n c t i o n a l i t y  
of E t h y l e n e - N e o h e x e n e  C o p o l y m e r  B inde r  3 

1. E x a m i n a t i o n  of Method of D e t e r m i n i n g  N.E. 3 

2. P o l y m e r i c  A n h y d r i d e  F o r m a t i o n  4 

3. G a s  C h r o m a t o g r a p h i c  A n a l y s i s  of 
N e o h e x e n e  M o n o m e r  5 

B. PREPARATION OF ETHYLENE-NEOHEXENE COPOLYMERS 6 
WITH DMAB I N I T I A T O R  

C. S Y N T H E S I S  OF DTAB 

V I .  PLANS FOR FUTURE WORK 

V I  I. APPENDIX 

Table I A 

F i g u r e  1 

9 

11 

A 13 

A 1 4  



.* - *  

‘I 
I. OBJECTIVE 

Union Carb ide  Corpora t ion ,  P l a s t i c s  D i v i s i o n  h a s  
a g r e e d  t o  p r o v i d e ,  on a l e v e l  o f  e f f o r t  basis,  between 100.8 
and  106.8 direct  man months of  e f f o r t  t o  assist t h e  Jet 
P r o p u l s i o n  Labora to ry  i n  t h e  development of a new or  improved 
po lymer i c  b i n d e r  f o r  advanced s o l i d  p r o p e l l a n t  and h y b r i d  
s o l i d  g r a i n s .  The d e t a i l e d  o b j e c t i v e s  are d e s c r i b e d  i n  
Q u a r t e r l y  Repor t  No. 1. c 

11. SUMMARY 

During t h e  p a s t  q u a r t e r  v a r i o u s  f ac to r s  which 
might  a d v e r s e l y  i n f l u e n c e  t h e  a t t a i n m e n t  of s a t i s f a c t o r y  
l e v e l s  of c a r b o x y l  c o n t e n t  i n  t h e  prepolymer have  been 
examined c r i t i c a l l y .  The c h o i c e  of s o l v e n t  i n  t h e  molecu la r  
weight  d e t e r m i n a t i o n  had p r e v i o u s l y  been found t o  be v e r y  
c r i t i c a l .  The t i t r i m e t r i c  p rocedure  f o r  d e t e r m i n i n g  n e u t r a l -  
i z a t i o n  e q u i v a l e n t  w a s  found t o  be  somewhat l a c k i n g  i n  
p r e c i s i o n  and accu racy  and was a l t e r e d .  T h i s  had o n l y  a 
s m a l l  e f fect  on t h e  measured v a l u e  of N. E. 

The p o s s i b i l i t y  t h a t  po lymer ic  a n h y d r i d e s  were 
b e i n g  formed d u r i n g  sample work-up was t e s t e d  u s i n g  an 
a v a i l a b l e  a n a l y t i c a l  d e t e r m i n a t i o n  f o r  anhydr ides .  N o  
e v i d e n c e  for t h e  p r e s e n c e  of a n h y d r i d e s  w a s  found. 

The monomer, neohexene, w a s  a n a l y z e d  t h o r o u g h l y  
f o r  t h e  p r e s e n c e  of c h a i n  t r a n s f e r  impur i t i e s - -none  were 
found. 

The oxygen f u n c t i o n a l i t y  of t h e  prepolymer made 
w i t h  DMAB i n i t i a t o r  was found t o  d e c r e a s e  w i t h  i n c r e a s i n g  
b a t c h  r e a c t i o n  t i m e ,  i n d i c a t i n g  a chang ing  r e a c t i o n  env i -  
ronment.  F u r t h e r  examinat ion  o f  t h e s e  p r o d u c t s  demons t r a t ed  
t h e  p r e s e n c e  of small amounts of polymer c o n t a i n i n g  a h i g h  
c o n c e n t r a t i o n  of c a r b o x y l  groups,  which was n o t  c o m p a t i b l e  
w i t h  t h e  copolymer. I t  i s  s u s p e c t e d  t h a t  t h i s  i n c o m p a t i b l e  
polymer c o n t a i n s  m e t h a c r y l i c  a c i d ,  d e r i v e d  from methyl  
m e t h a c r y l a t e  which can  a r i s e  from t h e  d i s p r o p o r t i o n a t i o n  
o f  t w o  i n i t i a t o r  radicals. The o t h e r  d i s p r o p o r t i o n a t i o n  
p r o d u c t  from DMAB r a d i c a l s  is  methyl  i s o b u t y r a t e ,  which is  
a c h a i n  t r a n s f e r  agen t .  I f  correct, this s u g g e s t s  as a 
p o s s i b l e  s o l u t i o n  t h a t  w e  r e l y  on symmet r i ca l  c h a i n  t r a n s f e r  
a g e n t s  s u c h  as d i t h i o d i b u t y r i c  a c i d  as a major s o u r c e  of 
f u n c t i o n a l i t y  and keep  i n i t i a t o r  c o n c e n t r a t i o n  minimized. 
The i m p l i c a t i o n s  of t h i s  d i s c o v e r y  are b e i n g  v i g o r o u s l y  
p r o s e c u t e d .  
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111. SCOPE OF PROJECT -- 
The scope  of  t h i s  work h a s  n o t  changed f r o m  t h e  

program o u t l i n e d  i n  t h e  work s t a t e m e n t .  The major emphasis  
h a s  been p l a c e d  on o b t a i n i n g  an  adequa te  u n d e r s t a n d i n g  of 
t h e  r e a c t i o n  r e q u i r e m e n t s  f o r  making a copolymer hav ing  
t h e  r e q u i r e d  l e v e l  of f u n c t i o n a l i t y .  A small ,  c o n t i n u o u s  
reactor is  b e i n g  p l a c e d  i n  s e r v i c e  t o  be t t e r  d e f i n e  t h e s e  
r e a c t i o n  v a r i a b l e s  unde r  s t e a d y  s t a t e  c o n d i t i o n s .  

IV. INTRODUCTION --- 

I n  o u r  t h i r d  q u a r t e r l y  r e p o r t  t h e  m o l e c u l a r  
weight  d i s t r i b u t i o n s  of a v a r i e t y  of  e thylene-neohexene  
copolymers ,  de t e rmined  by t h e  new t e c h n i q u e  of g e l  pe rmea t ion  
chromatography,  were p r e s e n t e d .  The r a t i o  of weight  a v e r a g e  
m o l e c u l a r  weight  t o  number ave rage  m o l e c u l a r  weight ,  Mw/Gn, 
w a s  found t o  b e  between 1 .2  and 1.5 f o r  t h e  samples  s t u d i e d .  
These  p r o d u c t s  are  v e r y  narrow i n  m o l e c u l a r  weight  d i s t r i b u t i o n .  

- 

Molecular  d i s t i l l a t i o n  w a s  u sed  t o  f r a c t i o n a t e  
e thylene-neohexene  copolymers i n  t h e  m o l e c u l a r  weight  r a n g e  
200-800. The f r a c t i o n s  o b t a i n e d  were nar row i n  m o l e c u l a r  
weight  d i s t r i b u t i o n .  

Data were g e n e r a t e d  which p r o v i d e  s t r o n g  reason 
f o r  p r e f e r r i n g  t o  r u n  m o l e c u l a r  we igh t s  of c a r b o x y l i c  a c i d  
c o n t a i n i n g  prepolymers  i n  p o l a r  s o l v e n t s  s u c h  as t e t r a h y d r o f u r a n .  

DEAB, d i e t h y l ,  6 ,  a '  - a z o b i s i s o b u t y r a t e  w a s  u sed  as 
an i n i t i a t o r  f o r  e t h y l e n e  neohexene c o p o l y m e r i z a t i o n .  C a r b o x y l i c  
a c i d  f u n c t i o n a l i t i e s ,  based  on molecu la r  w e i g h t s  measured i n  
t e t r a h y d r o f u r a n ,  were n e a r  u n i t y ,  s u g g e s t i n g  t h a t  t h i s  i n i t i a t o r  
i s  a c h a i n  t r a n s f e r  agen t .  

I n  order t o  d e c r e a s e  t h e  l i k e l i h o o d  of c h a i n  t r a n s f e r  
a t  t h e  a lkoxy g roup  i n  DEAB, i t  w a s  d e c i d e d  t o  s y n t h e s i z e  t h e  
d i m e t h y l  es ter  of a z o b i s  i s o b u t y r i c  a c i d ,  DMAB. T h i s  s y n t h e s i s  
proved  Lo be q u i t e  f a c i l e  and t h e  s u b s t a n c e  was p r e p a r e d  i n  
s e v e r a l  hundred  gram q u a n t i t y  f o r  u s e  i n  c o p o l y m e r i z a t i o n  
s t u d i e s .  

The f o l l o w i n g  s e c t i o n s  d e s c r i b e  v a r i o u s  e x p e r i m e n t s  
which have  been performed d u r i n g  t h i s  q u a r t e r  t o  f u r t h e r  d e f i n e  
t h e  f a c t o r s  which c o n t r o l  copolymer f u n c t i o n a l i t y .  
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V. TECHNICAL DISCUSSION ------- 
A. F a c t o r s  I n f l u e n c i n g  F u n c t i o n a l i t y  of Ethylene-Neohexene - _-----I-_-----I__ 

Binder  

Although c h o i c e  of i n i t i a t o r  is a basic fac tor  i n  
d e t e r m i n i n g  t h e  c a r b o x y l  f u n c t i o n a l i t y  o f  t h e s e  prepolymers ,  
o t h e r  fac tors  are a l so  c r i t i c a l ,  s u c h  as p u r i t y  of r e a c t a n t s  
and s o l v e n t s  and r e l i a b i l i t y  o f  a n a l y t i c a l  d a t a .  I n  p r e v i o u s  
r e p o r t s  w e  have  d e s c r i b e d  t h e  large effect  on measured 
f u n c t i o n a l i t y  of t h e  t y p e  of s o l v e n t  u sed  i n  d e t e r m i n i n g  the  
number a v e r a g e  m o l e c u l a r  weight  of t h e  prepolymer.  I n  gencral, 
m o l e c u l a r  we igh t s  de te rmined  i n  benzene are almost t w i c e  as 
high as t h o s e  de t e rmined  i n  a p o l a r  s o l v e n t  s u c h  as te t ra -  
hydro fu ran .  T h i s  is due t o  t h e  marked tendency  of t h e  c a r b o x y l  
g roups  i n  t h e s e  polymers  t o  form hydrogen bound aggregates i n  
non-polar  s o l v e n t s o  The u s e  of "benzene" m o l e c u l a r  weight  
data w a s  shown t o  r e s u l t  i n  e r r o n e o u s l y  "high" c a r b o x y l  
f u n c t i o n a l i t i e s .  

1. Examinat ion o f  Method o f  Determining  N. E. ---------- 
I f  w e  r eca l l  t h a t  f u n c t i o n a l i t y  (F)  is d e f i n e d  as: 

NO. Avg. Mol. W t .  (Mn) 
F u n c t i o n a l i t y  (F) L; ----_I-- N e u t r a l i z a t i o n  E q u i v a l e n t  (N. E, ) 

i t  is a p p a r e n t  t h a t  a low f u n c t i o n a l i t y  w i l l  b e  obse rved  i f  
Tin is  e r r o n e o u s l y  l o w  o r  N. E. is  e r r o n e o u s l y  h igh .  The d r a s t i c  
- effect  of u s i n g  a non-polar  s o l v e n t  i n  t h e  d e t e r m i n a t i o n  of 
Mn h a s  a l r e a d y  been d i scussed .  I n  t h i s  r e p o r t  w e  w i l l  d e s c r i b e  
e x p e r i m e n t s  which have  been carr ied o u t  i n  o r d e r  t o  r e a p p r a i s e  
o u r  c a r b o x y l  t e r m i n a t e d  e thylene-neohexene  copolymers .  

Our s t a n d a r d  p rocedure  w a s  t o  t i t r a t e  a x y l e n e  
s o l u t i o n  of t h e  prepolymer with a s o l u t i o n  of KOH i n  e t h a n o l  
t o  t h e  p h e n o l p h t h a l e i n  end p o i n t .  T h i s  method w a s  found t o  
have  s e v e r a l  d e f i c i e n c i e s :  

1. E t h a n o l i c  KOH t i t r a n t  is  n o t  s tab le ,  discolors 
on s t a n d i n g  and must be f r e q u e n t l y  r e s t a n d a r d i z e d .  

2. The color change of p h e n o l p h t h a l e i n  does  n o t  
o c c u r  e x a c t l y  a t  t h e  t i m e  e q u i v a l e n c e  p o i n t .  

3. The p o t e n t i o m e t r i c  end p o i n t  is n o t  s h a r p .  

4. KOH is n o t  basic enough t o  q u a n t i t a t i v e l y  t i t r a t e  
a l l  o f  t h e  a c i d i c  g roups  p r e s e n t .  
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F o r t u n a t e l y ,  d e f i c i e n c i e s  (1) and (2)  t e n d  t o  
c a n c e l  one a n o t h e r .  

A f t e r  c o n s i d e r a b l e  i n v e s t i g a t i o n  w e  have adopted 
a new p r o c e d u r e  i n  which t h e  polymer i s  d i s s o l v e d  i n  methyl  
e t h y l  k e t o n e  and t i t r a t e d  with 0 .1  normal t e t r a b u t y l  ammonium 
hydrox ide  i n  i s o p r o p a n o l .  The e n d  p o i n t  can  be de te rmined  
e i t h e r  p o t e n t i o m e t r i c a l l y  or v i s u a l l y .  Using glass  v e r s u s  
s t a n d a r d  calomel electrodes a v e r y  s h a r p  end p o i n t  is obse rved  
a t  -550 m i l l i v o l t s .  Thymol b l u e  undergoes  i t s  color change 
e x a c t l y  on t h e  v e r t i c a l  p o r t i o n  of t h e  p o t e n t i o m e t r i c  
t i t r a t i o n  c u r v e  and ciin be used s u c c e s s f u l l y  except when t h e  
polymer s o l u t i o n  is h i g h l y  c o l o r e d .  

Using t h i s  r e v i s e d  p r o c e d u r e  i t  h a s  been found t h a t  
n e u t r a l i z a t i o n  e q u i v a l e n t s  a r e  somewhat lower  t h a n  t h e  r e s u l t s  
f r o m  t h e  o l d e r  method, which, i n  e f f e c t ,  i n c r e a s e s  t h e  con- 
c e n t r a t i o n  of  COOH p r e s e n t .  An example of how t h i s  affects  
N. E. and f u n c t i o n a l i t y  is g iven  below: 

N e u t r a l i z a t i o n  E q u i v a l e n t  - F u n c t i o n a l i t y  
N e w  Method Mn O l d  N e w  - Sample N o .  O l d  Method 

23-EMS-4 789 779 779 0.99 1.00 

I t  is  s e e n  t h a t  t h e  error  i n  t h e  o l d  data  w a s  s m a l l ,  
a t  l e a s t  i n  t h i s  i n s t a n c e .  Because o f  the ease of o b t a i n i n g  
r e p r o d u c i b l e  r e s u l t s  w i t h  t h e  new p rocedure ,  i t  w i l l  be used  
as t h e  s t a n d a r d  method i n  t h i s  and subsequen t  r e p o r t s .  

2. Polvmer ic  Anhvdride Format ion  

Another  possible cause  of l o w  f u n c t i o n a l i t y  i n  
these copolymers  is  t h e  fo rma t ion  of i n t e r m o l e c u l a r  a n h y d r i d e  
g roups  d u r i n g  work-up p rocedures .  Our s u s p i c i o n s  were 
a r o u s e d  by  u n e x p l a i n a b l e  increases i n  v i s c o s i t y  of c e r t a i n  
samples of prepolymer  d u r i n g  work-up and the o c c u r e n c e  of 
i n f r a - r e d  a b s o r p t i o n s  s i m i l a r  t o  t he  anhydr ide  d o u b l e t s  i n  
t h e  5 micron r e g i o n .  Obviously a n h y d r i d e s  which might  n o t  
h y d r o l y z e  r a p i d l y  d u r i n g  N. E. d e t e r m i n a t i o n  would ra i se  t h e  
N. E. o f  t h e  sample and a l s o  raise t h e  o b s e r v e d  m o l e c u l a r  
weight .  

Anhydrides  are known t o  react q u a n t i t a t i v e l y  and 
r a p i d l y  w i t h  mosphol ine to  g i v e  morphol ides  and the  corre- 
spond ing  c a r b o x y l i c  acid. Morpholine may be t i t r a t e d  w i t h  
s t r o n g  acid i n  t h e  presence of c a r b o x y l i c  acids. Johnson and 

- 4- 



.* 

Funk L A n a l .  Chem., 27, 1464 (195511 have p u b l i s h e d  a method 
f o r  t e a n a l y s i s  of anhydr ides  i n  t h e  p r e s e n c e  of t h e  c o r r e -  
spond ing  a c i d s  based  on t h e s e  facts .  Using t h i s  p r o c e d u r e  
w e  found no  measu rab le  amount of  anhydr ide  i n  a copolymer 
sample  (hydro lyzed  23 EMS-11) which e x h i b i t e d  t h e  i n f r a - r e d  
a b s o r p t i o n s  " c h a r a c t  e r i  s t icy'  of anhydr ides .  

To f u r t h e r  s t r e n g t h e n  t h e  e v i d e n c e  t h a t  a n h y d r i d e s  
ape n o t  a problem, w e  s u b j e c t e d  a sample of a known d i f u n c t i o n a l  
polymer (EMPOL-1010 dimer a c i d )  t o  a more s e v e r e  t h e r m a l  c y c l e  
t h a n  e v e r  u sed  i n  work-up of o u r  samples :  6 hour s  a t  150°C 
unde r  vacuum i n  a r o t a r y  e v a p o r a t o r .  The re  was no ehar,ge i n  
n e u t r a l i z a t i o n  e q u i v a l e n t  as a r e s u l t  o f  t h i s  t r e a t m e n t .  I f  
a n h y d r i d e s  formed t h e y  were c o m p l e t e l y  hydro lyzed  d u r i n g  t h e  
t i t r a t i o n  procedure .  

3. Gas Chromatographic A n a l y s i s  of Neohexene Monomer 

Although w e  were g iven  p o s i t i v e  a s s u r a n c e  by t h e  
vendor  t h a t  t h e  po lymer i za t ion  g r a d e  neohexene w e  have  been 
u s i n g  is  v e r y  pure ,  i t  seemed p ruden t  t o  v e r i f y  t h i s  f ac t  
o u r s e l v e s .  The p r e s e n c e  of c e r t a i n  i m p u r i t i e s  c o u l d  r e s u l t  
i n  c h a i n  t r a n s f e r  and l e a d  t o  l o w  c a r b o x y l  f u n c t i o n a l i t y  i n  
t h e  prepolymer.  Neohexene is o n e  of 13 isomers of hexene, 
( n o t  c o u n t i n g  c i s - t r a n s  i somers )  and is t h e  o n l y  one  which 
does  n o t  have a l l y l i c  hydrogen atoms. The p r e s e n c e  of  any 
of t h e s e  isomers would l e a d  t o  c h a i n  t r a n s f e r  r e a c t i o n s  which 
would have an a d v e r s e  a f f e c t  on f u n c t i o n a l i t y .  Because of 
t h e  p o s s i b i l i t y  t h a t  one or more of t h e s e  isomers might  
be  formed f r o m  neohexene by i s o m e r i z a t i o n  d u r i n g  i t s  manufac- 
t u r e ,  i t  was d e c i d e d  t o  examine neohexene u s i n g  a h i g h  
r e s o l u t i o n  g a s  chromatograph. 

The 13 isomers of  hexene are l i s t e d  i n  T a b l e  I A,  
(Appendix) w i t h  t h e i r  b o i l i n g  p o i n t s  and t h e i r  s t r u c t u r a l  
fo rmulas .  Neohexene is  much lower i n  b o i l i n g  p o i n t  t han  t h e  
o t h e r  i somers .  Samples of f i v e  of  t h e s e  isomers were pur- 
c h a s e d  c o v e r i n g  t h e  whole range  of  b o i l i n g  p o i n t s .  

A Perkin-Elmer Model 226 gas chromatograph w a s  u sed  
t o  a n a l y z e  o u r  neohexene as w e l l  as each  of t h e  5 i s o m e r i c  
hexenes.  Then a s y n t h e t i c  mix tu re  of  neohexene and t h e  o t h e r  
5 i s o m e r s  was p r e p a r e d  and ana lyzed  under  t h e  same c o n d i t i o n s .  
The gas chromatograph was equipped w i t h  a 300 f t .  l o n g  column 
o f  0 . 0 1  i n c h  I .  D. s t a in l e s s  s tee l  c a p i l l a r y  t u b i n g  i n t e r n a l l y  
coated w i t h  Dow-Corning 550 s i l i c o n e  grease. The column w a s  
o p e r a t e d  a t  4OoC under  an i n l e t  p r e s s u r e  of 15 p s i  o f  c a r r i e r  
gas. The column a c h i e v e s  a s e p a r a t i o n  e f f i c i e n c y  of 300 ,000  
t h e o r e t i c a l  p l a t e s .  
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A chromatogram showing t h e  p u r i t y  of o u r  poly-  
m e r i z a t i o n  grade neohexene is shown i n  t o p  g raph  of F i g u r e  1. 
(Appendix).  The lower chromatogram is t h e  r e s u l t  o b t a i n e d  
when t h e  s y n t h e t i c  m i x t u r e  of 6 i s o m e r s  was ana lyzed .  Note 
t h e  e x c e l l e n t  r e s o l u t i o n  of t h e  d i f f e r e n t  isomers which are 
e l u t e d  f r o m  t h e  column i n  order of t h e i r  r e s p e c t i v e  b o i l i n g  
p o i n t s ,  neohexene f i r s t  and 2,3 d i m e t h y l  butene-2 l a s t .  

Immediately f o l l o w i n g  t h e  e l u t i o n  of  t h e  neohexene 
peak i n  t h e  uppe r  chromatogram, t h e  s e n s i t i v i t y  of t h e  d e t e c t i o n  
s y s t e m  w a s  i n c r e a s e d  by a f a c t o r  of 500. Even a t  t h i s  great 
s e n s i t i v i t y ,  no  o t h e r  components o t h e r  t h a n  neofiexeiie were 
detectable. A peak of t h e  o r d e r  of  t w o  t i m e s  t h e  s i z e  of t h e  
random n o i s e  i n  t h e  s i g n a l  from t h e  detector would r e p r e s e n t  
o n l y  70 p a r t s  p e r  m i l l i o n  of t h e  i n j e c t e d  sample.  

From t h e s e  s t u d i e s  w e  have  concluded  t h a t  t h e  
neohexene w e  are u s i n g  is  not  c o n t r i b u t i n g  any i m p u r i t i e s  
of any consequence t o  t h e  p o l y m e r i z a t i o n  system. 

B. P r e p a r a t i o n  o f  Ethylene-Neohexene Copolymers With - -- ~---------------- 
DMAB I n i t i a t i o r .  -__-- 

The s y n t h e s i s  of  t h e  azo i n i t i a t o r  DMAB was d e s c r i b e d  
i n  o u r  p r e v i o u s  q u a r t e r l y  r e p o r t .  I n  order t o  become f a m i l i a r  
w i t h  t h e  b e h a v i o r  of DMAB i n  p o l y m e r i z a t i o n ,  t h r e e  p r e l i m i n a r y  
r u n s  were made a t  80°C a t  t h r e e  d i f f e r e n t  p r e s s u r e s .  The 
e s s e n t i a l  da t a  are t a b u l a t e d  i n  T a b l e  I. The l o w  p r e s s u r e  
r u n s  produced prepolymer i n  t h e  molecu la r  weight  r a n g e  of 
i n t e r e s t ,  w h i l e  t h e  20,000 p s i  run  gave  a polymer of v e r y  h i g h  
v i s c o s i t y .  The oxygen f u n c t i o n a l i t y  of t h e s e  p r o d u c t s  w a s  
l o w  as was t h e  c a r b o x y l  f u n c t i o n a l i t y  a f t e r  h y d r o l y s i s  of t h e  
t e r m i n a l  esters. 

These p r e l i m i n a r y  r e s u l t s ,  a l o n g  w i t h  ear l ie r  r e s u l t s  
w i t h  DEAB i n i t i a t e d  p roduc t s ,  l e d  u s  t o  s u s p e c t  t h a t  changes  
i n  t h e  react ion environment  d u r i n g  t h e s e  b a t c h  r u n s  might  b e  
r e s p o n s i b l e  f o r  t h e  observed  f u n c t i o n a l i t i e s .  I n  order t o  
check t h i s  p o s s i b i l i t y  w e  c a r r i e d  o u t  a series of  po lymer i -  
z a t i o n  r u n s  a t  8 0 ° C  and a t  90°C, i n  which t h e  r e a c t i o n  t i m e  
was v a r i e d  from 15 minu tes  t o  s e v e r a l  hours .  T h i s  p r o c e d u r e '  
was i n  l i e u  o f  removing s a m p l e s  p e r i o d i c a l l y  from one l o n g  r u n ,  
which is i m p r a c t i c a l  due t o  t h e  p r e s s u r e  invo lved .  

The r e s u l t s  of  t h e s e  r u n s  are summarized i n  Tab le  11. 
A t  b o t h  t e m p e r a t u r e s  t h e  oxygen f u n c t i o n a l i t y  w a s  a f u n c t i o n  
of r e a c t i o n  time, from which i t  was su rmised  t h a t  c,hanges i n  

-6- 



TABLE I 

Run No. 23 EMS- 
T n l  t i  al, Charge 20 21 22 

Solvent Benzene 
Solvent , wt . , gms. 29.6 
Neohexene, gms . 510 

Ethylene, gms. 192 
Initiator, gms. 1.6 

Fed During Run 
Solvent gms. 267 
Initiator, gms. 14 

Benzene/TBuOH 
0.00 
665 
2 . ‘7 
279 

293 99.6 
- 33.2 

Benzene 
11.1 
605 
3.7 
229 

Productivity 
Yield, gms. 112 

Rate, %/hr. 5 
% Conversion 22 

Properties Before Hydrolysis 
Molecular wt. 1107 
Brookfield Visc. 
Cent i p oi s e 15,100 
Wt. % Oxygen 3.32 
02 Functionality 1.15 

71 221 
7.5 26.5 
1.3 1.2 

3462 

> 400,000 13 200 
0.93 - 
1.01 - 

Re action Conditions 
Temperature O C 80 
Pressure 26 50 
Reaction Time, hrs. 23 

Properties After Hydrolysis 
Molecular Weight 1127 

COOH Functionality 0.94 
Neutralization Equiv. 1199 

80 
20,000 
5.6 

- 
- 

80 
4375 
23 

1 
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. 
TABLE I1 

- 
RUN #23 EMS 

I X I T I U  CF!?GE 
Benzene, Gms  
Ne0hexer.e , Gms 
DMAB, Gms 
Ethylene, G m s  

FED DURING REACTION 
Benzene, Gms 
DMAB, Gms 

REACTION CONDITIONS 
Temperature , OC 

I n i t i a l  Pressure 
Final Pressure 
Time, Hrs. 

PRODUCTIVITY 
Yield, Gms.  
$ Conversion 
Rate , $/Hrs. 

F’ROPERTIES 
Molecular W t  . 
Wt.$ Oxygen 
O2 Equivalent 

Height 
02/Molecule --- I_ 

~ 

EFFECT OF REACTION TIME 
O N O X Y G E N -  

r n - - P K E V  -- 

L 

30 - 
510 - 
1.6 - 
188 - 

25.8 
1.4 

80 - 
1000 p s i  
1000 
0.5 

4 
9 57 

1.14. 

648 
9.02 

3 54 
L .83 -__- 

14--- 

- 

77 -3 
4.1 

136.7 
7.2 

- 
1000 
4.0 

25 
3.56 
.89 

823 
5 970 

562 
1.48 --- 

- 
32 

7 
1 

\ 
4 
\ 
4 
\ 
I 

-- 

218.5 
11.5 

? 
I 

I 
-\ 

2000 
6 .o 

53 
7.56 
1.26 

912 
4.49 

713 
1.28 

1 

33 - 
501 - 
1.7 - 
189 - 

48.5 
2.55 

90 - 
1050 p: 
1050 
-25 

5 
073 
2.9 

553 
10.42 

307 
1.8 -- 

7 

41 - 

- 
- - 
I_ 

87.3 
4.56 

- - 
1050 
50 

9 
1 e 3  
2.6 

815 
6.37 

503 
1.62 - 

T - 

- 
- - 

87.4 
6.26 

- 
- 
1225‘ 
1 .o 

22 
3.2 
3.2 

706 
6 -75 

474 
1.49 

37 

> 
> > > 

294 
15.6 

- > 
1000 ps i  
3350 p s i  
4 95 

87 
12.6 
2.8 

891 
5 091 

542 
1.65 



t h e  r e a c t i o n  environment  d u r i n g  t h e  batch r u n s  were t a k i n g  
place, and t h a t  t h e s e  changes were a p p a r e n t l y  hav ing  an  a d v e r s e  
e f f e c t  on t h e  t e r m i n a t i o n  r e a c t i o n .  These ester p r o d u c t s  were 
homogeneous, c lear ,  l i g h t l y  colored o i l s ,  whose i n f r a - r e d  
spectra were s imi l a r  t o  p r e v i o u s  DMAB i n i t i a t e d  copolymers .  

S a p o n i f i c a t i o n  wi th  t h e  s t a n d a r d  a l k a l i n e  h y d r o l y s i s  
p r o c e d u r e  showed t h e  p resence  of  t h e  a n t i c i p a t e d  p o t a s s i u m  
s a l t  of t h e  c a r b o x y l t e r m i n a t e d  copolymer and a l so  a d i f f e r e n t  
s u b s t a n c e .  The copolymer s a l t  w a s  s o l u b l e  i n  n -bu tano l  w h i l e  
t h e  o t h e r  s u b s t a n c e  w a s  water  s o l u b l e  and methanol  i n s o l u b l e .  

The n -bu tano l  s o l u b l e  copolymer f r a c t i o n  w a s  con- 
v e r t e d  from s a l t  t o  acid form, d r i e d  and s u b m i t t e d  f o r  m o l e c u l a r  
weight  and n e u t r a l i z a t i o n  e q u i v a l e n t  d e t e r m i n a t i o n .  The water 
s o l u b l e  f r a c t i o n  was ana lyzed  by t i t r a t i o n  w i t h  aqueous acid. 
The r e s u l t s  of  these d e t e r m i n a t i o n s  are t a b u l a t e d  i n  T a b l e  111. 

From t h e  data it appea r s  t h a t  t h e  c a u s e  of h i g h  
es te r  f u n c t i o n a l i t y i n  t h e  e a r l y  stages of the  p o l y m e r i z a t i o n  
i s  t h e  p r e s e n c e  of those ester b e a r i n g  g r o u p s  which are water 
s o l u b l e  upon s a p o n i f a c t i o n .  The n -bu tano l  s o l u b l e  copolymer 
is n o t  markedly h i g h e r  i n  f u n c t i o n a l i t y  d u r i n g  t h e  e a r l y  stages 
of t h e  p o l y m e r i z a t i o n ,  a l t h o u g h  a downward t r e n d  i n  COOH 
f u n c t i o n a l i t y  w i t h  t i m e  is  s e e n  i n  t h e  90°C runs .  

The e x a c t  o r i g i n  of t h i s  "water s o l u b l e t ?  f r a c t i o n  
is  n o t  c o m p l e t e l y  unders tood .  A s  t h e  b a t c h  p o l y m e r i z a t i o n  
proceeds a d d i t i o n a l  s m a l l  amounts o f  t h i s  material are made, 
so  it is  su rmised  t h a t  it i s  d e r i v e d  f r o m  s m a l l  amounts of 
methyl  m e t h a c r y l a t e  g e n e r a t e d  by i n i t i a t o r  radical-radical 
d i s p r o p o r t i o n a t i o n .  I t  s h o u l d  be n o t e d  t h a t  i n  a h i g h  conver -  
s i o n  c o n t i n u o u s  p r o c e s s  t h e  amount of  s u c h  mater ia l  g e n e r a t e d  
would be q u i t e  s m a l l .  

The more s i g n i f i c a n t  p o i n t  i s  t h a t  f o r  e v e r y  methyl  
m e t h a c r y l a t e  molecule  produced by d i s p r o p o r t i o n a t i o n ,  a 
methyl  i s o b u t y r a t e  molecule  a l so  forms. The l a t t e r  molecu le  
is  a c h a i n  t r a n s f e r  agen t .  We are endeavor ing  t o  b e t t e r  
e s t a b l i s h  t h e  v a l i d i t y  of  t h i s  e x p l a n a t i o n .  I f  t h e  new i n i -  
a tor  M'AB, a lso  r e s u l t s  i n  a polymer of  f u n c t i o n a l i t y  u n i t y ,  
w e  w i l l  conc lude  t h a t  t h e  t r a n s f e r  a g e n t  is an a l k y l  i s o b u t y r a t e .  

C. S y n t h e s i s  of DTAB. 

A s  s t a t ed  p r e v i o u s l y ,  it is desirable t o  u t i l i z e  
an i n i t i a t o r  f o r  t h i s  c o p o l y m e r i z a t i o n  of s u c h  a s t r u c t u r e  
t h a t  c h a i n  t r a n s f e r  i n v o l v i n g  a b s t r a c t i o n  of a hydrogen atom 
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f r o m  t h e  s t r u c t u r e  o r  i t s  decomposi t ion  p r o d u c t s  i s  a t  an 
a b s o l u t e  minimum. DTAB, d i t e r t i a r y  b u t y l ,  a, a' azobis 
( i s o b u t y r a t e )  may be s u c h  a compound. The f o l l o w i n g  
r e a c t i o n  scheme i s  b e i n g  examined as a p o s s i b l e  r o u t e  t o  
t h i s  compound. 

I s o b u t y r i c  Acid  I I s o b u t y r y l  Sromo I s o b u t y r y l  
C h l o r i d e  I1 Bromide I11 

Y 
t - buOH 
P y r i d i n e  * 

NO CH3 

CH3 

I V  
CH3 0 CH3 FH3p CH3 ";"3 

I l " l  I 
CH3-C-0 ' E '  -C-N- I ~ - C - c b - C - C H 3  1 *L NH NH2 Br-C-C 'O-C-CH3 / 

AH3 \ 
CH3 CH3 CH3 CH3 

d i - t e r t -bu - :y l  - a , a ' -hydrazobis  t - b u t y l  a -bromoisobutyrate 

(CH3)3 -C 0 
DTAB 

A l l  s t e p s  i n  t h i s  s y n t h e s i s  have  been comple ted  
w i t h o u t  d i f f i c u l t y  up t o  t h e  c o u p l i n g  r e a c t i o n  which is  b e i n g  
examined a t  p r e s e n t .  The o x i d a t i o n  o f  t h e  coup led  p r o d u c t  V 
s h o u l d  be q u i t e  fac i le ,  j u d g i n g  from t h e  ease w i t h  which t h i s  
r e a c t i o n  was c a r r i e d  o u t  i n  t h e  s y n t h e s i s  o f  DMAB. 

V I .  PLANS FOR FUTURE WORK -_-------- 
Ethylene-neohexene c o p o l y m e r i z a t i o n s  w i l l  be c a r r i e d  

o u t  u s i n g  t h e  c o n t i n u o u s ,  t u b e  reactor,  t o  d e t e r m i n e  t h e  
e f f e c t  of s t e a d y  s t a t e  o p e r a t i o n  on p roduc t  q u a l i t y .  DMAB 
i n i t i a t o r  w i l l  be used  i n i t i a l l y .  

-11- 



Curing  s t u d i e s  w i l l  be performed on prepolymer 
samples  made w i t h  DMAB i n  b a t c h  equipment.  

The proposed r e a c t i o n  scheme f o r  t h e  s y n t h e s i s  of 
DTAB i n i t i a t o r  w i l l  be  i n v e s t i g a t e d  more tho rough ly .  If 
s u c c e s s f u l ,  copo lymer i za t ion  r u n s  w i l l  be made as soon as 
p o s s i b l e  w i t h  t h i s  i n i t i a t o r .  

P r e v i o u s  e f f o r x s  eo u s e  compounds s u c h  as d i t h i o -  
d i b u t y r i c  acid i n  c o n j u n c t i o n  w i t h  v a r i o u s  azo i n i t i a t o r s  t o  
c o n t r o l  f u n c t i o n a l i t y  were c o m p l i c a t e d  by t h e  l i m i t e d  sol- 
u b i l i t y  of t h e  s u l f u r  compound. The t e r t i a r y  b u t y l  es ter  of 
d i t h i o - d i b u t y s i c  a c i d  w i l l  be made and used i n  c n p o l y m e s f z a t i s n s .  
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BOILING POINTS AND STRUCTURAL 
-- - - 

OC 

:ME ISOMERS 

Boiling 
Point 

3,3-Dimethylbutene-  1 
(Neohexene) 

41.2 

4-Methylpentene-1 
___ _-___-____-___ 
3-Methylpentene- 1 
_I I__--___--_I 

2 3-Dimethylbutene-  1 

53.6 

/- (Sample A )  

56.0 4 
~ 

4-Methylpentene-2 A (Sample B) 

4-b 
~ ~~ ~ 

2-Methylpentene-2 67.2 A (Sample D) 

- ~ 

2 ,3 -  Dimethylbutene-2 73.0 (Sample E) -d 
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GAS CHROMATOGRAPHIC ANALYSIS 
---- 

' B  I D 
I I E 

I 

i / L L L  L 

-- 

sample i n j e c t e d  ,/ 1 0 , 0 0 0 ~  a t t e n u a t i o n  

Figure 1 

f Neohexene 

arrows a t  r e t e n t i o n  times 
of o t h e r  hexene isomers 

A B  C D E 
t t  t t + 

L 
20x a t t e n u a t i o n  

0 1  18 19 20 21 22 

R e t e n t i o n  Time, min. 

23 24 25 26 

-A 1 4  


